Abstract. 2014 The atom-probe is a microanalysis technique with high spatial resolution. The lateral resolution is close to 1 nm while the depth resolution may reach a single atomic layer. In this article, the atom-probe potentialities in material science are illustrated with the help of various experiments we conduct at present. The study of the fine scale microstructure of nickel base superalloys including that of grain boundary segregation is reported. The investigations we perform on the spinodal decomposition of the ferritic phase of a duplex stainless steel are also discussed. Lastly, the study of long range order modulations related to APB's which occur in incommensurate long period phases Cu3 Pd is commented.
Microsc. MicroanaL Microstruct. 1 (1990) [3] ) make the study of semi-conducting materials now feasible l4J, we will restrict our contribution to metallic alloys.
Because of its high spatial resolution, the atom-probe is an attractive tool for the investigation of decomposition processes in metallic alloys. For instance, the early stages of precipitation in a model superalloy were studied few years ago. It was possible to show how the phase composition as well as the particle diameter and the number density of précipitâtes evolve during the kinetics of transformation [5] figure 2 . This micrograph shows the presence of small y' precipitates in a nickel base superalloy [6] . -1' particles of a few hundred Angstrôms appear in bright contrast while the surrounding matrix remains dark. Atomic resolution is not reached in this complex alloy. The related mass spectrum of the y' phase is given in figure 3 as an example. [7] . With such a spectrometer, a mean resolution greater than M/AM==1000 (full width half maximum) is routinely achieved; cobalt as well as molybdenum peaks are here clearly resolved. [9, 10] . We shall illustrate the atom-probe capabilities in the investigation of phase or grain boundaries on the basis of some investigations we recently performed on nickel-base superalloys.
These materials derive their excellent creep performances from the presence of 03B3' ordered precipitates (Ll2 structure) finely dispersed in a FCC y solid solution (see Fig. 2 ). The composition of 03B3' particles is based on the stoichiometry Ni3Al (see Tàb. I). As FIM images can show [11] , -1' précipitâtes are fully coherent with the surrounding matrix. Starting from this latest information, it is interesting to get a finer description of 03B3 -03B3' interfaces on an atomic scale. For this purpose, we performed a layer-by-layer analysis of (001) planes in a direction which is thought to be perpendicular to the phase boundary of a y particle. The composition profile provided in figure 4 exhibits the fine-scale features of the interface. The curves clearly show the transition from the Cr-rich 7 matrix to the Al-rich ordered precipitate. As atom-probe microanalysis is conducted on (001) layers, one observe the basic stacking sequence of (001) superstructure planes of the (Ni3Al)03B3' phase: Al-rich planes alternate with (Ni-rich) Al-depleted layers. This clearly gives the proof that a spatial resolution of a single atomic layer is obtained with atom-probe techniques. These composition profiles demonstrate that the phase transition occurs over one atomic layer. More, the interface is localized on an Al-rich mixed plane of the ordered precipitate. This mean that the phase boundary is ordered [11] . The presence of a Ni-rich plane (an Al-depleted layer) at the interface would lead to a disordered boundary. It is interesting to notice that this type of investigation allows the preferential sites of addition elements in the y' ordered phase to be determined. Occupation frequencies may be deduced from the mean composition of both types of planes (mixed and pure layers) [12] .
The atom-probe also provides unique advantages, as compared for instance to Auger spectroscopy, for the study of the microchemistry of grain boundaries. In situ composition profiles accross boundaries may be obtained. However, due to the large size of grains (03A6 &#x3E; 20 03BCm) as compared to the volume which can be analysed with the atom-probe (the tip radius is equal to a few ten nanometers and the probed depth is typically no larger than 500 nm), tips must be first examined by transmission electron microscopy. By using back polishing techniques [13] , a grain boundary can be placed close to the tip apex and subsequently be analysed by atom-probe techniques [14] .
A FIM image of a specimen first prepared by this procedure is given as an example in figure 5 . In this nickel base superalloy, minor elements. (C, B, Zr) are added in such a way to improve their ductility or their mechanical strength. In order to clarify the physical mechanisms responsible for this improvement, experiments were recently undertaken [15] . The micrograph shown in figure Fig. 4 . -This composition profile exhibits the fine-scale features of the 03B3 -i' interface in a nickel-base superalloy. The 03B3 -03B3' transition accross the boundary takes place over a single (001) layer. The -y -y' interface is located on an Al-rich mixed plane of the ordered i' phase. Note that Ti is observed to substitute preferentially for Al in the ordered Ni3Al phase. 5 clearly exhibits the presence of a decorated grain boundary. Despite this image suggests the occurence of a segregation, only atom-probe analyses can univocally give the nature of segregating elements.
The atom-probe investigations we conducted showed that brightly imaged spots were related to boron atoms. As shown in figure 6 , boron segregates at grain boundaries (7 at% as compared to 0.11 at% (bulk boron level)). The aluminium concentration profile clearly demonstrates that this segregation is located in a single phase boundary. The low level of aluminium shows that the boundary is located between two y regions. Intergranular 03B3/03B3' interfaces were also found boron enriched. However, no boron segregation was detected to intragranular 03B3/03B3' interfaces: large interstitial boron atoms are more likely to segregate to 03B3/03B3' intergranular boundaries than to coherent -y /-y' transgranular interfaces. Such segragation effects have been already reported in Ni3Al intermetallic compounds [16, 17] .
The concentration profiles given in figure 6 clearly exhibit the occurence of a nickel and aluminium depletion located at the boron enriched boundary. As shown in figures 5 and 6, the decorated grain boundary is relatively thick (4 nm). The average thickness of boron-rich regions is close to that observed by Stiller [18] in a boron doped nickel alloy. Carbon enrichments were also discovered in intergranular 03B3/03B3' interfaces. A similar carbon segregation has been already reported in nickel by Alvensleben [19] . Low temperature heat-treatments produce an age-hardening embrittlement in the iron-chromium binary system and related stainless steels. The iron-chromium system contains a miscibility gap and exhibits spinodal decomposition which is somehow related to this embrittlement. The purpose of the present work was to study the decomposition kinetics of the ferrite phase of a duplex stainless steel aged at low temperatures (300-400° C). This work was conducted in collaboration with EDF-département matériaux. Although the steel we studied is far from a model alloy (Cr: 26, 3 ; Ni: 6.0; Si: 2,4; Mo: 2,1; Mn: 0,5; C; P; N; at% for the ferrite phase) it is reasonable to think that a spinodal decomposition will also occur in this material after low temperature agingtreatments.
Because of its high spatial resolution and its capability to identify unambigously Fe, Cr and Ni, the AP allows the investigation of such a problem. FIM images of this steel aged at 400°C for a long time exhibit a duplex contrast which can be attributed to a fine-scale fully interconnected a/a' isotropic sponge-like microstructure [20] . Theses features have already been observed in Fe-Cr, Fe-Cr-Co, Fe-Cr-Ni systems [21, 22] and related steels [22, 24] .
1Wo main kinds of parameter are necessary for the characterization of the spinodal decomposition : the correlation distances related to the fluctuations of chromium concentration (or iron as well) and the amplitude of these fluctuations. From a topological point of view, this requires the estimation of the distances between chromium rich veins of the interconnected structure and the measurement of the chromium concentration in both a and a' "phases". Figure 7 shows the chromium concentration profiles for different aging times at 350° C and the related concentration frequency distribution bar-charts. The demixing kinetics is quite clear. The gradual increase with time of both concentration amplitude and correlation distances is characteristic of a spinodal decomposition. Figure 8 shows the evolution of the mean distance between the highest chromium peaks (surpassing the mean concentration value plus two statistical standard deviations) , as a function of aging time t at 350° C. The correlation distance follows a tn law with n ~0.2. The value of the time exponent is very close to that predicted by the L.B.M. theory [25] .
Beyond the continuous evolution of compositions towards a true bimodal distribution characterizing both a' chromium rich (~ 36 % ) and a chromium poor (~ 9 % ) domains, the carefull examination of the frequency bar-charts, reveals the occurence of a' zones containing up to 62 at% of chromium. It is noticeable that after long term aging at 400° C, the 62% Cr rich domains take much more importance while the 35-40 % ones tend to reduce. Such a behaviour strongly suggests a two-step evolution of the demixing kinetics. As recently reported [20] , the appearance of these high Cr-peaks may be connected with the existence of long-range Cr- [26, 27] . Various topologies may also be observed according to the chemical composition or the temperature of ordering. APB's can be straight or wavy and spread over a few atomic planes [27, 28] and the value of the mean size of ordered domains (M) may be commensurate or incommensurate with the lattice parameter (a).
In this paper, we will report some atom-probe investigations on Cu 18.5% Pd and Cu 20.5% Pd alloys we conducted in collaboration with the ONERA (E Ducastelle and A. Loiseau). As HRTEM studies showed [26] , [27] [29] .
A concentration profile related to the analysis of such a variant is provided in figure 10 . This investigation was conducted on (001) planes (// APB's) of Cu 
